Nearly all successions of near-shore strata exhibit cyclical movements of the shoreline, which 
Introduction

26
Change in sediment supply, sea level and subsidence are ubiquitously cited as the main controls and therefore have the potential to be used to diagnose past forcing of sediment-routing systems 72 if it is known how they respond to change.
73
In this context we will explore three central questions: In the first part of the paper, we investigate these three questions using a generic model 86 of a large sediment-routing system that contains both subaerial and subaqeous depositional 87 domains. Sensitivity tests for the generic model establish a parameter space that is used to 88 investigate a case study from the geological record. In the second part of the paper, we focus on 
where z is elevation, x is the down-system distance, κ is the linear diffusion coefficient, c is the fluvial transport coefficient, n ≥ 1, and the water flux is given by,
where α is the precipitation rate (see Table 1 ).
q s = −κ sea e (−κ decay abs(zsea−z)) ∂z ∂x ,
where κ sea is the linear diffusion coefficient for subaqueous sediment transport. κ decay is the 114 coefficient that parameterises the effect of water depth, z sea , on subaqueous sediment transport
115
(see Table 1 ; Kaufman et al., 1991) . The change in elevation, z, is then given from the Exner 116 equation of conservation of mass,
Where U is uplift (positive) or subsidence (negative).
118
The sediment transport in the sediment-routing system is therefore described by a a non- grain size is sorted down-system using the model of Fedele and Paola (2007) . Below this point, the sand and fines are sorted following a Sternberg-type exponential sorting model (Sternberg, 137 1875; Robinson and Slingerland, 1998b ).
138
The model domain is 5000 km long in the x-direction with an inflow boundary on the left 139 hand side and fixed elevation on the right hand side (Figure 1) 
162
From modelling a range of values for precipitation rate, α, and submarine transport coeffi-163 cient κ sea ; 0.1 ≤ α ≤ 2 m yr −1 , and 10 4 ≤ κ sea ≤ 10 5 m 2 yr −1 in equations 1 and 3, we find that is 10 % farther down-system and if likewise for a 50 % reduction the gravel front extends out to 174 a 10 % shorter distance.
175
In addition to sediment flux, shoreline progradation or retrogradation is a function of the 176 transport capacity of the submarine environment (Figure 3 ). There is an initial period of 177 shoreline retreat as the initial surface become submerged due to the spatially uniform subsidence.
178
If the magnitude of κ sea is low then there is subsequently a steady progradation of the shoreline 179 as the locus of deposition moves down system ( Figure 3a ; Table 2 ). If however κ sea is high
180
there is a steady retrogradation of the shoreline at a slower rate than the initial model evolution
181
( Figure 3b ; Table 2 ). This behaviour of the shoreline for high values of κ sea is in the opposite 
185
The positions of the gravel front and shoreline are also a function of the vertical profile of Table 2 ).
221
The numerical model suggests that the delay between the movement of the gravel front in 
where L is the system length. Thus the response time of the gravel front is shorter for an 228 increased precipitation rate. The shoreline position is however a function of transport in both 229 subaerial and subaqueous regimes, and is therefore less dependent on the precipitation rate.
230
In contrast to the model results for oscillating precipitation rates, oscillations in relative Table 2 ). The amplitude of shoreline migration due to 236 relative sea-level change are relatively insensitive to subaerial sediment transport rate, and the 237 shoreline migrates by similar amounts for a κ sea of both 10 4 and 10 5 m 2 yr −1 (Figures 8 and 9 ).
238
The modelled scenarios of change in relative sea-level and precipitation rate are both char- 
277
The system response to a change in both input sediment flux and precipitation rate is therefore similar to that generated when only relative sea-level is altered (Figures 6, 8 and 9;
279 Table 2 
High frequency oscillations in precipitation rate
291
That there is a delay in maximum movement of the gravel front compared to maximum precipita- 
295
The delay in gravel front response is found to be a function of the forcing frequency ( Figure 12c ).
296
However, the movement of the gravel front has a periodicity that is the same as the high fre- rate is out of phase but not buffered.
300
The phase shift relative to the period of the forcing is longer for shorter periodic change proxy for subsidence down the axis of the sediment-routing system (Table 3) . Since information 370 about the catchment is lacking we leave κ, c and n unchanged (see Table 1 ). We initiate the 371 model with a subsidence profile as listed in Table 3 , which serves to build a topographic slope 377 are ±26 − 37 % for each stratigraphic interval (after Table 1 constant at an elevation of 0 m, or is oscillated by ±10 m at a period of 2 Myr or 100 kyr.
390
In the absence of any oscillation in precipitation rate or relative sea-level the modelled 391 sediment-routing system generates overall progradation of the shoreline (Figure 15a ). Progra- likely not observable given the age constraints available in most ancient stratigraphic records.
435
The shoreline and the sand front are sensitive to both terrestrial and submarine sediment 
475
When this model is applied to the Star Point -Blackhawk -lower Castlegate -Mancos 476 sediment-routing system, based on the interpretation outlined in Table 3 , we find that the overall 
488
We estimated the potential error in the observed gravel, sand, and shale fractions to be of the 489 order of ±30 %. Therefore, we could be either overestimating or underestimating the position of The results of the numerical model imply that change in precipitation rate and change in 519 relative sea-level generate diagnostically different responses in movement of the gravel front.
520
Both mechanisms force the shoreline and sand front to move by similar distances, yet it is 521 only when precipitation rate changes that the gravel front responds. This simple diagnostic 522 response is then modified when the sediment flux delivered to the sediment-routing system is 523 also cyclically changed with the change in precipitation rates. Table 1 : List of model parameters. rates is plotted against the magnitude, relative to the mean, of change in precipitation rates.
The gravel front is always upsystem of the shoreline. The shoreline for a 0.1 (10 %) change in precipitation rates with κ sea = 10 4 m 2 yr −1 is omitted as there was no periodicity in predicted shoreline trajectory. 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10 0 150 300 Gravel front location (km) 9 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10 0.8 Time Period  T0  T1  T2  T3  T4  T5  T6  T7 
